reduction in laparoscopic adjustable gastric banding (LAGB, 4 %) in the United States [4] . In Japan, there were 228 (54 %) LSG procedures performed in 2011 [5] . Recent studies have shown that LSG is safe and effective, resulting in weight loss somewhere between that of LRYGB and LAGB [6, 7] . Although LSG is a restrictive procedure, removing the gastric fundus, the primary site of ghrelin production, appears to have a hormonal effect, enhancing weight loss by reducing appetite. However, the resolution and improvement rates of obesity-related comorbidities and metabolic changes for Japanese patients with severe obesity after LSG have not yet been established.
Visceral adipose tissue (VAT) can cause metabolic abnormalities by secreting inflammatory adipokines, which induce insulin resistance and T2DM. However, VAT might have beneficial metabolic effects by producing adiponectin. The importance of VAT adipokine production in the pathogenesis of the metabolic abnormalities associated with obesity has not been studied. endoscope beginning 4 cm from the pylorus and ending at the angle of His.
As a preoperative diet, all patients received a low-calorie diet that used MICRODIET (Sunny Health, Tokyo, Japan) in one of three meals (1,200 kcal) , in home for the three weeks in home prior to admission, and in hospital during the one-week period before LSG. In the dietary guidelines after bariatric surgery, there was a fluid diet (530-600 kcal/day) in the first two weeks, a soft diet (900 kcal/day) in the subsequent two weeks, and a regular diet in the four weeks following LSG. Dieticians prescribed a balanced diet (1,200-1,500 kcal/day) for four weeks to six months thereafter. All patients also received daily multivitamin and mineral supplementation.
After obtaining approval of the institutional review board at Iwate Medical University, 23 obesity patients who were LSG candidates (BMI ˃ 35 kg/m 2 ; 11 men and 12 women) and 23 non-obese patients (BMI ˂ 25 kg/m 2 ; 15 men and 8 women) undergoing elective abdominal surgery (e.g., laparoscopic cholecystectomy, colectomy, or incisional hernia repair) were enrolled in the study. In the bariatric patients, the clinical data and the metabolic effects were evaluated at baseline, 1, and 6 months after LSG.
The metabolic and inflammatory parameters that were quantified included fasting serum glucose, insulin, hemoglobin A1c (HbA1c), ghrelin, leptin, adiponectin, triglycerides, total cholesterol, HDL, LDL, highsensitivity C-reactive protein (HS-CRP), plasminogen activator inhibitor type-1 (PAI-1), and tumor necrosis factor-α (TNF-α). The homeostasis model of assessment of insulin resistance (HOMA-IR) was used in the calculation of insulin resistance. Glucose, insulin, glucagon-like peptide-1 (GLP-1), and gastric inhibitory polypeptide (GIP) levels during a 75 g oral glucose tolerance test (75 g OGTT) were measured. The highest value obtained at 30 min during the 75 g OGTT was defined as the peak level.
Adipokines from the PODAs
During LSG, omental tissue (10 g) was collected and washed with Hank's balanced salt solution (HBSS). Approximately 0.5 g of the omental tissue was sliced into thin sections, treated with 0.2 % collagenase in HBSS with 1.0 % bovine serum albumin at 37 °C for 40 min, filtered through a 600 μm mesh sieve, diluted with HBSS, and centrifuged at 800 × g for 10 min. The resulting pellet was subjected to three repetitions of the above centrifugation procedure and washing Adipose tissue synthesizes and secretes many peptides that are involved in the regulation of energy homeostasis, insulin action and lipid metabolism. Important adipokines are leptin and adiponectin. Leptin plays a key role in regulating energy intake and energy expenditure, including appetite and metabolism [8] . Adiponectin has insulin-sensitizing, anti-artherogenic, and anti-inflammatory actions [9] . Currently, there is limited evidence of the interaction between leptin and adiponectin systems in humans. VAT is thought to be a more potent contributor to the development of hypertension, insulin resistance, and other obesity-related metabolic abnormalities compared with subcutaneous adipose tissue (SAT) because of its greater metabolic activity and its access to the portal circulation system [10] [11] [12] . One of the most important improvements in metabolic status after LRYGB is increased insulin sensitivity or T2DM remission [13] [14] [15] [16] [17] . VAT loss and adipokine secretion may be more important as a mediator of improved glucose metabolism after the restrictive procedure of LSG, but this link has not been established.
The primary aim of this study was to evaluate the relative contribution of serum adipokines and adipokines from the patient's omentum-derived adipocytes (PODAs) and adipose tissue of Japanese patients with severe obesity. Secondarily, we analyzed the early metabolic changes and the reduction of obesity-related comorbidities at 6 months after LSG.
Materials and Methods

Patients and study protocol
This study was a single-institution, prospective, data collection and analysis study. Between June 2008 and November 2013, 29 Japanese patients with severe obesity underwent LSG. Eligibility for participation in this study was limited to individuals between the ages of 18 and 65 with a body mass index (BMI) ≥ 35 kg/m 2 with comorbid conditions including T2DM, obstructive sleep apnea (OSA), and hypertension according to the 2006 guidelines of the Japanese Society for the Study of Obesity and failure to adhere to regimens of diet and behavior therapy for at least 6 months. All the patients gave written informed consent after receiving detailed explanations of all procedures. All patients were evaluated preoperatively by a multidisciplinary team. The LSG was performed laparoscopically by a single surgeon, and involved a gastric-volume reduction of 75 to 80 % by resecting the stomach alongside a 36-French symptoms. The patients were considered improved if one or more drugs (but not all) had been discontinued or the dose decreased. T2DM remission was defined as a fasting glucose ˂ 100 mg/dl and HbA1c ˂ 5.8 % for at least 6 months in the absence of antidiabetic medication [19] .
Statistical analysis
Data are expressed as mean ± standard deviations (SD). The data were collected and analyzed using Microsoft Excel 2007 (Microsoft Corp., Redmond, WA) statistics software. The Student's t-test was used to compare the continuous variable, and the x 2 test was used to compare the categorical variable. The relationship between VAT and the outcome variables was evaluated using linear regression analysis by StatMate IV for Windows (ATMS Co., Ltd, Tokyo, Japan). A p value less than 0.05 was considered significant.
results
Patient characteristics
Forty-six patients were enrolled in this study, and all the subjects adhered to the protocol. Only the LSG patients were followed up. Detailed patient characteristics are shown in Table 1 . In the 23 LSG patients, the mean initial BMI was 44.1 ± 5.8 kg/m 2 , and two patients (9 %) in the group were "super obese" (BMI ˃ 50 kg/m 2 ). VAT (p ˂ 0.001) and SAT (p ˂ 0.001) were significantly greater in the LSG group than in the control group.
Relationship between levels of adipokines in the serum and the PODAs
In the measurements of the serum adipokines, the mean leptin levels (p < 0.001) and the mean PAI-1 levels (p ˂ 0.001) were significantly greater in the LSG group than in the control group. In contrast, the mean adiponectin level was significantly lower in the LSG group (p < 0.001). No significant differences in TNF-α with HBSS and then resuspended and filtered through a 100 μm mesh sieve. The filtrate was suspended in Visceral Adipocyte Culture Medium ver. 2 (Cosmo Bio Co., Ltd., Tokyo, Japan) up to a concentration of 0.5 × 10 5 cells/cm 2 and cultured for two weeks, with the culture medium being replaced every three days [18] . The insulin concentration in the culture medium was 1 ng/mL. The cell adhesion status was monitored in the presence of various proliferators. At the end of the two weeks culture period, adiponectin, leptin, TNF-α, and PAI-1 levels in the supernatant were measured using the enzyme-linked immunosorbent assay method.
Measurements of VAT and SAT by computed tomography
VAT and SAT were measured using a 64-row computed tomography (CT) (Aquilion™: Toshiba Medical Systems Corporation, Tokyo, Japan; Optima CT660: GE Healthcare, Japan). To measure the abdominal fat, after obtaining a single tomographic slice at the umbilicus level by CT scanning, VAT and SAT were determined using a Hounsfield unit (HU) range for adipose tissue of -150 to 0 HU. The VAT and SAT surface areas were calculated and reported in cm 2 . The VAT and SAT of the LSG patients were evaluated at baseline, 1 month, and 6 months after the LSG.
Definition of the resolution or improvement of comorbidities
At each postoperative visit, the patients were required to complete a questionnaire that included their current medications and dosages, and their symptoms related to their comorbidities. Based on their answers and our objective findings, we defined the following categories: Complete resolution was defined as the complete cessation of symptoms or no current pharmacological treatment. Improvement was defined as decreased current pharmacological treatment and decreased severity of the associated symptoms. No effect was defined as no change in pharmacological treatment or the associated 2 , p = 0.090); in contrast, a significant difference was observed in VAT (322.1 ± 85.8 vs 242.0 ± 54.9 cm 2 , p = 0.023) between the male and female patients. The VAT and serum or PODA leptin levels and the VAT and serum or PODA adiponectin levels showed significant differences between the LSG and the control groups (p ˂ 0.001) (Fig. 1) . As expected, the mean serum leptin levels (35.8 ± 20.1 vs 19.6 ± 9.1 ng/mL, p = 0.029) and the mean PODA leptin levels (2.6 ± 0.6 vs 1.5 ± 0.2 ng/ mL, p < 0.001) were significantly greater in the LSG levels were observed between the two groups. In the measurements of the adipokines from the PODAs, the mean leptin levels (p < 0.001), the mean PAI-1 levels (p = 0.020), and the mean TNF-α levels (p = 0.003) were significantly greater. The mean adiponectin levels (p < 0.001) were significantly lower in the LSG group than in the control group (Table 2) .
Relationship between adipose tissue volume and adipokine levels
In the LSG group, no significant differences were show that LSG alone has the potential to produce good results among Japanese patients with severe obesity represented by a BMI of ˂ 50 kg/m 2 .
Glucose metabolic changes in LSG patients with T2DM
Six months after LSG, the mean fasting glucose (p = 0.015) and the mean HbA1c (p = 0.006) improved markedly. There was no significant decrease in hyperinsulinemia (p = 0.269) and HOMA-IR (p = 0.059). The mean peak GLP-1 levels after OGTT were significantly higher than the baseline levels (p ˂ 0.001). No significant differences were observed in the mean peak GIP levels. The mean fasting serum C-peptide levels were significantly lower than the baseline levels (p = 0.041). The mean fasting ghrelin levels at one day after LSG were lower than the baseline levels (data not shown), and this change persisted at the 6-month follow-up (p = 0.002) ( Table 4) . LSG patients experienced a markedly reduced appetite throughout the study period.
In the LSG patients with T2DM, variables related to the reduction of VAT from baseline to 1 month after LSG were studied. Using simple linear regressions, the reduction in VAT correlated with the changes in HS-CRP (r = 0.825, p = 0.006) and HOMA-IR (r = 0.880, p = 0.001) (Fig. 2) .
The mean caloric intake at the initial visit pre-LSG group with VAT ≥ 300 cm 2 than in those with VAT ˂ 300 cm 2 . No significant differences were observed in the serum and PODA adiponectin levels between the two groups.
Changes in the metabolic and inflammatory parameters in the LSG patients
The demographic, metabolic, and inflammatory parameters in the LSG patients are shown in Table 3 . The mean body weight (-34.9 kg, p < 0.001), mean BMI (-12 kg/m 2 , p ˂ 0.001), mean percentage of excess weight loss (%EWL) (45.6%, p = 0.001), mean VAT (-135.5 cm 2 , p = 0.001), and mean SAT (-245.9 cm 2 , p = 0.001) were significantly decreased at 6 months after LSG compared to the baseline. LDL cholesterol (p = 0.049) and triglycerides (p = 0.028) were significantly decreased at 6 months after LSG, and total cholesterol (p = 0.100) tended to be lower as well. On the other hand, HDL cholesterol was unchanged.
Six months following LSG, there was a significant decrease in the levels of the proinflammatory parameters leptin (p = 0.003) and PAI-1 (p < 0.001). At 1 month, the mean serum adiponectin levels of the antiinflammatory parameter tended to be higher than the baseline levels, and this rise in the adiponectin levels persisted at the 6-month follow-up. The serum TNF-α and HS-CRP levels decreased at 6 months after LSG, but they did not change significantly. Our results 23 (100 %), 16 (70 %), 15 (65 %), 11 (48 %), and 11 (48 %) patients, respectively. The resolution and improvement rates of comorbidities after 6 months were 100 % for NAFLD, T2DM, hyperlipidemia, and hyperuremia, 91 % for hypertension, and 71 % for OSA. The LSG group not only showed weight loss alone, but also improvements in the prognosis of obesity-related diseases. Changes in medication were analyzed (Fig. 3) . was, surprisingly, 2,655±721 kcal/day (range, 2,250-4,320 kcal/day).
Resolution or improvement of comorbidities
The overall mean number of obesity-related comorbid conditions was 7.0 ± 1.3. Non-alcoholic fatty liver disease (NAFLD), OSA, hypertension, hyperlipidemia, T2DM, and hyperuricemia were present in 23 (100 %), als. However, it is unknown whether its recommendation is based on genetic considerations or endocrine effects related to transcriptome differences between Asians and all other populations. Although excess VAT is associated with noninfectious inflammation, it is not clear whether VAT is simply associated with or actually causes metabolic disease in humans. Using PODA obtained from surgical samples, we investigated whether these cells can secrete adipokines. As primary cultures of normal human visceral adipose cells contain impurities such as lipid droplets, it is believed that the cultivation of these cells is very difficult. Nevertheless, the development of a ceiling culture method for obtaining mature adipocytes and recent findings on the pathology of metabolic syndrome have encouraged basic research on obesity-related diseases and bariatric surgery. In the present study of cultured supernatants, adiponectin levels were lower and leptin levels were higher in the supernatants from the LSG group tissues than in the supernatants from the control group tissues, suggesting that obesity might affect the ability of visceral adipose cells to secrete adipokines. It has been found that approximately 40% of patients with ADIPOQ gene polymorphisms may have a predisposition toward a low adiponectin level [23] , which is probably exacerbated by a high-fat diet and insufficient physical exercise. Single nucleotide polymorphisms and mutations in the obesity gene LEP, which encodes leptin, are believed to increase the risk for the onset of severe obesity [24] . Although their serum leptin levels are high, patients with severe obesity show resistance to leptin in general, thereby weakening the At baseline, 16 patients (70 %) were on antihypertensive medication, 10 patients (43 %) were on a uremic acid-lowering agent, 8 patients (35 %) were on hypoglycemic medication, and 7 patients (30 %) were on a lipid-lowering agent. At 6 months after LSG, 22 %, 0 %, 0 %, and 0 % of patients with hypertension, hyperuricemia, T2DM, and hyperlipidemia, respectively, had discontinued their medication. Although 3 (13 %) T2DM patients were using insulin at baseline, none of them were using insulin at 6 months after LSG.
Discussion
Over the last three decades, the mean BMI has increased by 0.4 kg/m 2 per decade worldwide [20] . The problem of obesity in the United States has reached epidemic proportions. It is now estimated that 30 % of American adults are obese, and nearly two-thirds are either overweight or obese [21] . In Japan, BMI values are 30 kg/m 2 or greater in 3 % of the population, 35 kg/m 2 or greater in 0.5 %, and 40 kg/m 2 or greater in 0.2 %, reflecting a lower level of severe obesity than in Europe or the United States [5] . However, a World Health Organization Expert Committee reported that the incidence of health problems stemming from obesity is higher among Asians [22] . In 2011, the International Diabetes Federation (IDF) called for a BMI of 30-35 kg/m 2 to represent a surgical indication for T2DM unresponsive to medical treatment, with priority to be given to a BMI ˃ 35 kg/m 2 [17] . Surprisingly, the IDF also released a statement recommending that this indication criterion be lowered by 2.5 kg/m 2 for Asian individu- Fig. 3 Number of patients on medications at baseline and 6 months after LSG T2DM-Meds, type 2 diabetes mellitus medications; T2DM-Insulin, type 2 diabetes mellitus insulin therapy lin levels 6 months after LSG, in contrast to raised ghrelin levels after LAGB. Consequently, the LSG group had a higher mean %EWL than the LAGB group (61 % vs 16 %). However, the mechanism of weight loss after LSG is not clearly understood and there are limited data on the reduction of obesity-related comorbidities after LSG in Japanese patients with severe obesity [5] . The goal of bariatric surgery is not only to achieve satisfactory weight loss but also to obtain an improvement in obesity-related comorbidities, including T2DM, OSA, hyperlipidemia, and hypertension. In general, LRYGB is considered to result in better remission of T2DM compared to LSG. However, the impact of LSG on obesity-related comorbidities for Japanese patients with severe obesity has been reported in very few studies [5] . We found that LSG alone resulted in a 100% remission rate of T2DM at 1 and 6 months after LSG. The high rate of remission of T2DM after LSG has also been reported by many other researchers [28, 29] . Weight loss after LSG is well-documented, and preferential VAT loss is increasingly recognized as a common outcome of LSG. These data document a significant reduction in cardiovascular and metabolic risk factors after LSG and specifically link VAT loss with improvements in the indices of insulin sensitivity. Recent literature has shown that obesity is associated with a low-grade inflammatory state and that proinflammatory cytokines may play an important role in mediating the detrimental effects of obesity on metabolism [30] . In the present study, the T2DM remission and VAT reduction appeared to be more gradual in the LSG patients, and the VAT reduction was associated with changes in HS-CRP and HOMA-IR at 1 month after LSG. Our results show preferential loss of VAT early in the time course of the postoperative weight loss, pointing to the possibility that improved insulin sensitivity after LSG might occur along a time course similar to that after LRYGB.
Marked effects of LSG on ghrelin levels have been reported [31] and have been confirmed by the present study in our small group. Ghrelin infusion is reported to increase insulin resistance, and therefore the removal of the gastric fundus might contribute to improving insulin sensitivity [32] . Although the mechanism of improved glucose tolerance after LSG is unknown, increased secretion of GLP-1 after surgery has been observed, as reported after LRYGB [33] . Basso et al. reported a gastric hypothesis that decreased hydrochloric acid production induced by LSG may act on the anti-feeding effect of leptin. In the present study, the leptin levels in the PODAs were slightly but significantly increased, suggesting the enhanced ability of the visceral adipose cells to secrete leptin. In the PODAs, the PAI-1 levels were also significantly increased, which probably plays a role in the onset and progression of metabolic syndrome in general. PAI-1 is presumably biosynthesized mainly in the visceral adipose cells and vascular endothelial cells. However, PAI-1 is also deeply involved in the promotion of arteriosclerosis and atherothrombosis formation, and PAI-1 is more likely to be secreted by cells in the circulating blood than by the visceral adipose cells. At present, the basis for the change in adipokine biosynthesis is unclear, and this mechanism needs to be determined in the future. In the present study, the serum leptin levels of patients with > 300 cm 2 of VAT in the LSG group significantly increased, and marked leptin resistance in severe obesity with VAT accumulation probably facilitates the development of obesity and metabolic syndrome. Our results also suggested that the status of the visceral adipose cells in patients with severe obesity receiving LSG might affect these cells' ability to secrete adipokines.
Bariatric surgery is the most effective treatment for severe obesity. Currently, LRYGB is considered the gold standard procedure for severe obesity, and it leads to excellent long-term sustained weight loss and remarkable resolution of comorbidities worldwide [25] . Kasama et al. reported that the weight reductions of LRYGB and LSG in Japanese obese patients were 32.0 kg and 27.4 kg 6 months after operation, respectively [26] . They also reported that the BMI changes and %EWL between LRYGB and LSG were -11.8 kg/ m 2 and -10.1 kg/m 2 , 72.7 % and 49.7 %, respectively [26] . In Japan, LSG is the most frequently performed bariatric surgery, and it accounted for 54 % of such surgeries in 2011 due to its a relatively low rate of complications, less malabsorption, and a shorter learning curve compared to LRYGB [5] . Our results showed a significantly higher %EWL in the LSG group. One of the reasons for this may be that gastrointestinal hormone changes explain some of the decrease in appetite and subsequent weight loss. The greater reduction in hunger after LSG is believed to be due to the resection of the gastric fundus, which produces ghrelin. In the present study, the mean fasting ghrelin levels decreased one day after LSG and this change persisted at the 6-month follow-up. Langer et al. [27] reported decreased ghre-Critical weight loss is an effective way to control obesity-related hypertension. In the present study, there was a significant reduction in the number or dose of hypertension medications. Although the levels of total, LDL, and HDL cholesterol did not differ significantly after 6 months, there was a significant reduction in the number of medications needed to treat hyperlipidemia.
One limitation of the present study is the selection bias of the surgeon or patients in regard to which procedure was performed. Our study also includes a small sample size from a single institution and short-term follow-up data. Long-term follow-up needs to be conducted to further evaluate the reduction of obesity-related comorbidities after LSG.
We showed in vivo and in vitro adipokine levels in Japanese obese and non-obese populations. Adipokines were aggressively endocrined in Japanese obese patients proportionately their VAT volumes. In conclusion, LSG markedly improved most obesity-related comorbidities at 6 months after LSG in Japanese patients with severe obesity. These results suggest that LSG may contribute to VAT reduction, improved adipocyte hormone levels, and changes in gut physiology and endocrinology. Further studies are required to determine the complex mechanisms through which adipocyte and gut neurohormonal signals interrelate after LSG.
